The procedures of ophthalmologic examination used by the authors during systemic toxicity studies in laboratory animals are presented in this paper. The present international guidelines with respect to the requirements for ophthalmological examination are given in an overview. A list of proposed keywords is included which may be used in describing ocular changes.
Handheld slitlamp biomicroscope (KOWA SL-51 Tonometer (Tono-Pen, Digilab 30R or Mackay-Marg) Ophthalmoscope (direct or indirect type) Handheld funduscamera (e.g. Restraining All methods of ophthalmological examination routinely used in systemic toxicity studies with dog, cat, minipig, mouse, rat and rabbit may be applied in the conscious animal. Non-human primates are usually examined while sedated or under general anaesthesia.
Dogs and cats may be examined while held by a technician. Minimal restraint is necessary to keep the animal in a standing, sitting or sphinx position. A well designed sling (Panepinto et 01. 19831 is very convenient when examining minipigs. Restraint of mice ( Fig. 1 ) may be difficult, because of the small size of the animals and their tendency to bite. Manual restraint is commonly used. However, care should be taken to minimize the risk of suffocation. Gentle restraint of rats (Fig. 2) , preferably on a table with adjustable height, by an experienced technician, is sufficient to perform the routine examinations described below, provided that the animals are accustomed to manipulation. A restraining device for ophthalmologic examination has been described (Anderson et al. 1991) , but the necessity of the device is doubted by us and other authors [Lee 1992 ). Rabbits (Fig. 3) are positioned in such a way that the examiner's eyes are below the animal's eye during funduscopy,in order to facilitate visualization of the optic disc region. A grid may be placed on the table for the animal's convenience.
Procedures External inspection
The eye and the peribulbar structures are observed macro scopically.
Tear production test All manipulation with or medication of the eye will influence tear production. For this reason the Schirmer tear test (STT) should be performed before any other manipulation. STT strips are used to assess tear production in man and animals. Reference values in a number of species are listed in Table 1 . Reference values in animals are based on performance of STT without topical anaesthesia (Rubin et al. 1965, Gelatt et al. 19751 .Narrow strips may be used in the rat (Weisse et al. 1978 ),but we do not include the STT in this species. Tear production in animals is measured [generally unilaterallyl during one minute.
Pupillary reflexes The evaluation of pupillary reflexes is performed in a dimly-lit room. The first action in this test consists of the estimation of the pupil width. In rat toxicity studies the pupillary reflexes are not routinely assessed. Direct and consensual pupillary reflexes are evaluated in dog, cat and rabbit studies.
Pupillary dilation
Agents lmydriatics) which may be used for pupillary dilation by topical application are: atropine sulphate (0.5-1%), homatropine (2%) and tropicamide (0.5%) (Mydriaticum, Bournonville-Pharma). Full mydriasis occurs in most species within 15-30 min.
The latter two mydriatics are short-acting and loose their effect within a few hours. The effect of atropine sulphate is longacting. It exerts a prolonged duration of activity (>24h) which may lead to a deleterious effect on the retinal function. Its use is therefore not recommended. Overexposure to light may result in retinal degeneration in sensitive strains (Williams et a1. 1985 , Schlingmann et a1. 1993 . Moreover, in some species, atropine sulphate may act as a mucosal irritant and may result in profuse salivation. After instillation of atropine sulphate, mydriasis may fail to occur in rabbits, due to the presence of atropinesterase activity ( Van Zutphen 1974 , Lee 1983 ).
Slitlamp biomicroscopy
The anatomy and the localization of abnormalities in the anterior eye segment are investigated (Seve 1985) . Commonly, in biomicroscopy a hand- held slitlamp biomicroscope is used IKOWAI. Experience with this method has been obtained in many species. The magnification should be at least 15 times. This examination is performed in a darkened room.
Tonometry
Measurement of the intraocular pressure (lOP) or tonometry has been performed in many animal species, including the rat (Gelatt 1991). However, tonometry is not routinely performed in systemic toxicity studies. A local anaesthetic (Novesin [Chibret]) is applied before measurement of the lOP. Calibration of the equipment based on values in one species does not guarantee that the values obtained in a different species are valid, because the specificity of the method mainly depends on the curvature and the structure of the cornea and sclera. Some reliable applanation tonometers are available (e.g. Tono-Pen, Mackay-Marg or Digilab 30R). lOP in healthy rats ranges between 15 and 30mmHg with the Tono-Pen (Moore et a1. 1993) .
Funduscopy
For funduscopy, direct and indirect ophthalmoscopes are suitable, although the indirect system is preferred for its wider view and better convenience to the examiner. A large assortment of reliable ophthalmoscopes are marketed nowadays. This examination is performed in a darkened room.
Photography
Photography is of great importance in the documentation of both normal and pathological morphology (Bokobza 1988 , Williams 1992 , Barnett 1990 ). KOWA RC-2 or KOWA Genesis are handheld funduscameras suitable for use in most species of laboratory animals. However, for the ocular tissues of rat and mouse the KOWA 'rat camera' would be preferable (Rubin, personal communication 1994) .
Terminology
Ophthalmologic terminology, to be used in systemic toxicity studies, was discussed and a list of ophthalmic lesions in the rat and mouse was created. Similar lists may be of use for other species provided that the of localization, type and severity of lesions should also be possible. Terminology is listed in Table 3 .
Guidelines
The guidelines (OECD, EEC, USA, Canada, Japanl are fairly brief with respect to ophthalmologic examinations. Frequency of examinations, number of animals and the structures to be examined are mentioned. The ophthalmologist is free in the choice of the equipment. The requirements to be fulfilled in accordance with the guidelines are listed in Tables 4-7. The guidelines are listed in Table 8 .
Discussion
Ophthalmologic examination and histopathology focus on morphological changes in the eyes of laboratory animals. However, functional retinal deficits are detected best with electroretinography (ERG). This noninvasive clinical method reveals changes even before structural damage is morphologically detected (Maertins et al. 1993) . Even when inspection of the fundus is troubled by opalescence of the ocular media, ERG is possible. The introduction of this objective method to assess changes in retinal function is hampered by the cost of the equipment, the eleborate procedure and restrictions in risk assessment.
The species and strains of laboratory animals differ in morphological and physiological characteristics of their ocular tissues. Variations in the shape of the lens among laboratory animal species are the result of ecological adaptations, i.e. prevailing light conditions. Moreover, its size is related to the size of the globe. Therefore a thorough knowledge of normal anatomy and spontaneously occurring ophthalmic disorders is required for interpretation of the changes observed during ophthalmologic examination (Hayes 1985, Schiavo 19901 . In addition, extrapolation of results to man may be difficult because of morphological and functional differences. Spontaneously occurring ophthalmic disorders in a number of laboratory animal Abbreviations asTable 4 *USA guidelines 1986 and 1987 for food additives are also applicable for pharmaceuticals Table 8 References to Guidelines species are described in literature (Taradach et al. 1992) . Toxic compounds may contribute to a higher incidence of senile lesions, accelerate a process of ageing, influence prenatal development or provoke specific ocular changes.
